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Synopsis....................................

Public health nutrition programs are intended to

serve low-income families who are at greater nutri-
tional risk than the general population. Not all

persons who are program-eligible are at equal risk,
however. It would be desirable to evaluate a
program's ability to enroll persons from higher risk
backgrounds in the population (coverage) and,
conversely, the extent to which those enrolled in
this program are at higher risk (targeting).

A method for the evaluation of coverage and
targeting was developed using data from the Ten-
nessee Women, Infants, and Children Special Sup-
plemental Food Program (WIC) linked with birth
certificates. The linked computer file was created
by matching the name and date of birth in both
record files. The birth records were the common
source of information used to characterize the risk
background for both the WIC and non-WIC par-
ticipants. Maternal sociodemographic information
on the birth records was used to define the health
risk background of each child. The coverage and
targeting of "at-risk" children were computed and
compared for 50 counties or county-aggregates in
Tennessee.

Considerable variation in the coverage and tar-
geting rates of at-risk children was observed among
Tennessee counties, although the counties within
each WIC administrative region tended to have
similar coverage and targeting patterns. Using the
existing data in linked program and vital records
provides a direct evaluation of a program. Cover-
age and targeting evaluation can be used to detect
underserved populations within small geographic
areas.

PUBLIC HEALTH PROGRAMS in the United States
are intended to serve low-income families who are
at risk for poor health or poor nutrition outcomes.
Because of limited resources, some programs are
not able to serve all of those who meet the
eligibility requirements (1,2). Even though low
income is generally correlated with poor health
outcomes, not all low-income families share the
same risk. Therefore, it is important for a given
program to identify and provide service to those at
greatest risk within the eligible population. The
ability to serve those at greatest risk can be
characterized in two ways. The first is coverage,
which is defined as the proportion of persons in a
population who meet certain risk criteria and are
enrolled in the program. The second is targeting,

which is the proportion of persons enrolled in the
program who meet the defined risk criteria. Proper
evaluation of the coverage and targeting of a
program can help in the detection of underserved
populations and in more efficient allocation of
resources.
To evaluate the coverage and targeting of a

program, one needs to characterize the risk back-
ground of all persons within the program's catch-
ment area as well as their individual status with
regard to enrollment. However, this is difficult
since programs usually have information on pro-
gram participants but lack information on nonpar-
ticipants. Because of this barrier, few evaluations
of coverage and targeting have taken place among
public health nutrition programs. To overcome the

176 Public Health Reports



lack of information on nonparticipants, we devel-
oped a method of evaluation by linking the public
health program's records with the vital birth
records. Birth records served as the source of
information on the risk status of all children in the
population regardless of their program enrollment
status. In this report, we demonstrate the utility of
using data from the Tennessee Women, Infants,
and Children Special Supplemental Food Program
(WIC) linked with vital birth records to evaluate
the program. It is important to point out that the
proposed method of program evaluation is in-
tended to detect potentially underserved areas. This
evaluation method is not intended to establish
potential criteria for actual WIC enrollment.

Material and Methods

Data sources. To evaluate the Tennessee WIC cov-
erage and targeting rates for children born between
1982 and 1984, we linked two data sets. The first
data set consisted of records from the Pediatric
Nutrition Surveillance System data file at the Cen-
ters for Disease Control (CDC) (3) for children
from Tennessee born between 1982 and 1984 and
enrolled in WIC before 1986. Data were collected
for all children under 5 years. The data collected
include date of birth, sex, race, height, weight, and
hematocrit measurements. The second data set used
in our analysis was the 1982 to 1984 birth records
provided by the Vital Health Statistics Center of
Tennessee. These records contained birth weight
and major parental sociodemographic information
in addition to the child's name and date of birth.

Data linkage. For the evaluation, only the records
of the first WIC visit for the 43,878 children born
between 1982 and 1984 and enrolled in WIC before
1986 were used. These initial WIC visit records
were then matched and merged with the Tennessee
resident birth-record file for 1982 to 1984 for the
95 counties with full participation in the WIC
Program (4 out of 95 counties were excluded be-
cause of joint participation in the Commodity
Food Supplement Program and WIC). This 3-year
birth cohort file for counties with full WIC partici-
pation contained a total of 136,622 birth records.
Linkage was performed by matching the last name,
first initial, and date of birth from the two record
files. Overall, 89 percent or 38,990 of the WIC
records were successfully linked to birth records.
For 0.7 percent of the WIC records, there was
more than one birth certificate match. These cases

with multiple matches were eliminated from the
analysis. Data from the WIC records indicated that
the 11 percent of WIC children with unmatched
records had similar race and birth weight distribu-
tions compared with those WIC children whose
records were successfully matched.

Definition of SES based risk factors. We defined
an at-risk child as having one or more of the fol-
lowing three maternal SES risk factors: (a) the
mother was 17 years of age or younger at the time
of the child's birth, (b) she had completed less than
12 years of education, and (c) she was unmarried.
Nonrisk children were those whose mother had
none of the three risk factors. The SES characteris-
tics used for this assessment were chosen because
of their demonstrated correlation with poor child
health outcomes (4,5). To illustrate the predictive
ability of these risk factors for adverse outcome,
we first compared the low birth weight (LBW,
birth weight less than 2,500 gm) rates between
at-risk and nonrisk births for all Tennessee births
from 1982 to 1984. Second, for the WIC popula-
tion only, we compared the prevalence of low
height-for-age (shortness, based on height-for-age
below two standard deviations of the U.S. growth
references) between at-risk and nonrisk children.

Comparison of WIC Program coverage and target-
ing among regions ad counties. The coverage rate
and targeting rate of at-risk children were com-
pared for Tennessee counties. Rural counties with
less than 100 births annually were aggregated with
adjacent counties within the same region to in-
crease the reliability of the computed rates. This
process resulted in a total of 50 counties or county
aggregates derived from the original 95 counties.
Computation of the prevalence of at-risk children,
the coverage rate, and the targeting rate is ex-
pressed in the following formulas:

Prevalence of "at-risk" children = Number of
"at-risk children + Total number of children

Coverage rate = Number of at-risk children en-
rolled in WIC X 100 + Total number of at-risk
children in the population

Targeting rate = Number of at-risk children en-
rolled in WIC X 100 . Total number of
children enrolled in WIC

The targeting rate is dependent on the prevalence
of at-risk children in the area being studied: the
higher the prevalence of at-risk children, the
greater the likelihood that the targeting rate will be
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Figure 1. Statewide average for prevalence of at risk children,
WIC enrollment rate, coverage rate, and targeting rate of the

Tennessee childhood WIC Program

high. As a result, an adjustment of the targeting
rate was needed to account for the variation in
prevalence of at-risk children and allow for a fair
comparison of targeting rates among different ar-
eas. We devised an adjustment method called "rel-
ative targeting ratio" to provide for such compari-
son. The computation formula for this relative
targeting ratio is

Relative targeting ratio = Prevalence of at-risk
among WIC children + Prevalence of at-risk
among non-WIC children

For this study, both the coverage and targeting
rates were based on the matched cases on the
birth-WIC linked file without adjusting for the
unmatched cases. Because 11 percent of the WIC-
enrolled children did not have birth-record
matches, the actual coverage and targeting rates
would have been higher.

Results
Figure 2. Comparison of WIC coverage rates for at risk

children among the 50 county units

Dy ine inicKer woruer tines. Lwounues *.. wnneI(nvo JwiI;)n IxIaW
od Supplemental Programs and were excluded fromn the analyis.

Figure 3. Comparison of the targeting ratio of Tennessee WIC
Program across the 50 county units

Distribution and health outcome characteristics of
Tennessee at-risk children. Between 1982 and 1984,
38 percent of the 135,622 Tennessee children in-
cluded in the analysis were considered at risk,
whereas 62 percent were considered nonrisk. Dur-
ing the same period, 38,990, or 28.5 percent of
Tennessee children, were enrolled in the WIC Pro-
gram.
To demonstrate that the SES-risk definition used

in our analysis was indeed predictive of poor health
outcomes, we compared the low birth weight rate
for the entire Tennessee birth cohort and the rate
of low height-for-age (shortness) for WIC partici-
pants between at-risk and nonrisk children (see
table). We found that the at-risk children had a
low birth weight rate that was 2.2 times (relative
risk) that of the nonrisk children and that the
shortness rate for the "at-risk" children was 3.3
times that of the nonrisk children. Both differences
were statistically significant (P < 0.001, chi-
square).

Statewide SES-risk prevalence and WIC coverage
and targeting. Figure 1 is a diagram of the state-
wide proportion of at-risk children, the proportion
of children enrolled in WIC, and how coverage and
targeting rates were calculated. The statewide cov-
erage rate of 47 percent is the proportion of all
at-risk children who were enrolled in WIC. This in-
dicates that nearly half of the children defined as
"at-risk" by this study were enrolled in the WIC
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Program. The statewide targeting rate of 64 percent
is the proportion of all WIC enrolled children who
also fulfilled the "at-risk" criteria of this study.
This means that almost two out of three children
on the WIC Program came from the at-risk subpo-
pulation. The statewide targeting ratio was 2.25, as
determined by dividing the targeting rate of 64 per-
cent by the at-risk prevalence rate of 20 percent for
the non-WIC children (28 percent). Thus, WIC
children were 2.25 times more likely than non-WIC
children to come from an at-risk background.

Variation in prevalence of at-risk children among
Tennessee counties. Even though the statewide
prevalence of children at risk was 38 percent, the
prevalence among counties across the State ranged
from 26 to 60 percent. It is this variation that
makes it necessary to adopt an adjustment proce-
dure for the evaluation of targeting practices. This
pattern of variation also makes it clear that the
task faced by local WIC workers in enrolling
high-risk children can be very different from one
location to another.

Comparison of WIC Program coverage among
Tennessee counties. A comparison of the coverage
rate for children "at risk" in the 50 county units is
presented in figure 2. Although there were wide
variations in coverage rates across the State (from
31 to 61 percent), counties within each administra-
tive region tended to have similar coverage pat-
terns. This suggests that some of the observed vari-
ation in coverage among local WIC Programs was
related to the way programs are administered at the
regional level. Coverage was lowest in rural areas,
which may reflect the difficulties of providing
health care in a sparsely populated area.

Comparison of WIC targeting rates and ratios
among Tennessee counties. There are also signifi-
cant variations in the targeting rates of the 50
county units. Similar to the pattern observed for
coverage rates, significant variations were observed
among regions and county units ranging from 49
percent to 78 percent. Within the same region,
however, the targeting rates were more comparable.

Because targeting rates are influenced by the
prevalence rates of at-risk children, and there was a
great deal of variation in the prevalence of at-risk
children in Tennessee, we also compared the rela-
tive targeting ratios. Again, we observed consider-
able variations in the relative targeting ratios
among the 50 county units, with values ranging

Comparison of low birth weight rate for 135,622 children bom
in Tennessee and low height-for-age rate for 38,990 children
enrolled in Tennessee WIC in nonrisk and at-risk groups,

1982-4

Low bkf weht Low helghtfor-age
(2,500 grams or less) (- 2 SD of reences)

Prevablnce Prevalence
Group (percent) Relative risk (percent) Relative risk

Nonrisk ............ 4.1 1.00 1.2 1.00
At risk 1 ........... 8.8 2.15 3.9 3.25

1 At-risk child has 1 or more of 3 risk factors: mother 17 years old or younger at
the birth, mother has less than 12 years of education, mother unmarried.
NOTE: nonrisk group is the referent group to determine the relative risk of low

birth weight and low height for age rates.
SD - standard deviation.

from 1.14 to 2.65 (fig. 3). In some geographic
areas, the enrolled WIC children have a higher
percentage from an at-risk background than those
in other areas. These variations may reflect re-
gional differences in WIC enrollment practices.

Discussion

The WIC Program served more than 3,500,000
million infants, children, and pregnant and lactat-
ing women in the United States in 1989. However,
it is estimated that WIC is only able to serve
approximately one-third of the population that is
potentially eligible for the program (1). Existing
evidence, although" not conclusive, suggests that
WIC has a greater health impact among those at
greatest risk (6,7). Because of the large pool of
eligible but unserved' persons and the variation in
the risk background among those eligible, it is
appropriate to ask: how can the WIC program
target its service to higher risk subgroups of
persons among all those who are eligible? One
potential approach is to determine geographic areas
with relatively low coverage or targeting rates.

This proposed method for assessing coverage and
targeting demonstrates the feasibility of using exist-
ing data in a State for program evaluation without
conducting a special survey. The use of program
data linked with birth records enables the direct
assessment of coverage and targeting patterns. The
next closest type of coverage evaluation relies on an
indirect approach to estimate the size of the at-risk
population in a State. This approach is based
usually on census data combined with key indices
from vital birth records such as the low birth
weight and teenage pregnancy rates (1,2). One
drawback of estimates derived from such indirect
approaches is the inability to determine whether the
subpopulation deemed to be at high risk for poor
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nutrition and health outcome is actually enrolled in
WIC. Also, an indirect approach may not offer
enough precision in determining the size of the
at-risk population in small geographic areas (8).
There are four possible outcomes in the evalua-

tion of coverage and targeting in multiple areas.
Ranked according to decreasing desirability, they
are (a) high coverage and high targeting, (b) high
coverage and low targeting, (c) low coverage and
high targeting, and (d) low coverage and low
targeting. The merit of the first combination and
the problem of the last combination are self-
evident. The second combination, high coverage
and low targeting, can best be described as an area
where most at-risk persons are covered, and many
nonrisk persons are also covered. This situation can
be viewed as a case of over coverage. The third
combination of low coverage and high targeting
can best be described as an area with inadequate
resources to cover all eligible persons, but those
covered are at risk.

This example, the Tennessee WIC Program,
suggests that there are geographic areas where the
relative targeting ratio is relatively low and that
there is room for improvement (fig. 3). Additional
evidence of less-than-ideal WIC targeting comes
from the survey on WIC targeting reported by the
General Accounting Office and Missouri's prenatal
WIC outcome evaluation using linked data
(1,9,10). The authors of the Missouri study found
that a large proportion of children enrolled in the
Medicaid Program were not enrolled in WIC, even
though Medicaid had stricter income criteria (60
percent of poverty level) than WIC (185 percent of
poverty level) (9,10).

It is important to point out that the SES-based
risk criteria used in this evaluation are not the same
as the income- and nutrition-based criteria used to
determine eligibility for the WIC Program. The
at-risk criteria are intended for uniform evaluation
of coverage and targeting patterns. Not all children

with an SES risk status are income-eligible for
WIC, and not all who are income-eligible are at
SES risk. Other potential at-risk indices can be
used for coverage and targeting evaluation, such as
the rates of low bir-th weight and infant mortality
which are also available through linkage with vital
records.

Despite the fact that the SES risk does not
necessarily identify the same children, an argument
can be made, nonetheless, for using criteria based
on SES rather than income for evaluations of this
kind (11). SES-based at-risk status can be deter-
mined for all children born in a State, and there-
fore a coverage rate can be calculated; similar
determinations are not possible using income crite-
ria. Additionally, for the purpose of evaluation,
these risk criteria may also be less susceptible to the
reporting bias that may occur with the income-
based enrollment criteria used by the WIC Program
(1,2). We do not wish to imply, however, that
program enrollment should be based on the at-risk
criteria used for this evaluation.
We wish to emphasize that coverage and target-

ing rates should be examined in a relative rather
than absolute sense among the small geographic
units. As shown in the Tennessee example, when
comparing coverage and targeting rates across the
State, areas with relatively lower rates can be
detected, and they can be regarded as potential
areas where function of the program can be im-
proved. Further, a single value-either coverage
rate or targeting rate-should not be used to assess
how a program functions in a specific area or a
State without comparing it with other areas or
States.
The procedure we used to link program data

with vital birth records was based on the matching
of common identifiers on both files. The relative
ease of data linkage for evaluation of other pro-
grams is a function of the availability and accuracy
of names and dates of birth on the program file. In
this Tennessee WIC example, the computer match-
ing procedure achieved a relatively high matching
rate (89 percent) with few duplicate matches and
without having to resort to the laborious hand
matching of records. The linked program and birth
records7 can also be used for evaluations of health
outcomes. For example, potentially it can be used
to assess the health outcomes related to participa-
tion in the program as demonstrated by the birth
outcome assessment of the prenatal WIC program
of Missouri (6,9).

This evaluation of the Tennessee pediatric WIC
Program could potentially be applied to other
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maternal and child health-oriented programs if
program records can be linked to the birth records.
For health outcome, evaluations, or the develop-
ment of guidelines for the distribution of funds,
this procedure could be performed periodically.
With coverage and targeting information available
to them, WIC Program managers from State and
local levels will have additional tools to guide their
program decisions on a continuing basis.
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Synopsis....................................

A representative population sample of 546 adults
in Victoria, Australia, who had ever smoked were
asked to describe the general setting where they
first took up regular smoking and who, if anyone,
influenced them to begin. Although school was the
dominant setting (35 percent), particularly for
younger respondents 20-34 years (55 percent), the
workplace was also an important setting for uptake

of regular smoking. Overall, 34 percent reported
taking up smoking while in a job.

The probability of taking up smoking at work
increased with age but, even among younger re-
spondents, many did not begin smoking until they
started work. Fourteen percent took it up between
leaving school and commencing college or a univer-
sity or their first job, and 22 percent of those who
attended college or a university took up smoking in
that setting.

One-quarter of the sample said that nobody had
influenced them to take up smoking, but most of
the remainder indicated that either friends, family,
or workmates had played a part. Most mentioned
were good friends at school (20 percent), good
friends known socially (14 percent), and good
friends at work (7 percent). Others listed were
family (7 percent), boy friend or girl friend (7
percent), and "other people" at school (S percent),
or at work (5 percent), or known socially (5
percent). Overall, 10 percent had taken up regular
smoking under the influence of workmates at
work, suggesting that smoke-free workplace poli-
cies might be useful in the long term in reducing
the prevalence of smoking in the community.
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